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SCHOOL OF MINES AND METALLURGY
MARAMEC BRIDGE.
A THESIS
FOR THE DEGREE OF
CIVIL ENGINEER
BY
T. H. MILLS APS.
CLASS OF
The Road and Bridge
The bridge, of which the road is 
the principal, is an auxiliary in 
tendering all parts of a continent 
easily accessible to any of its 
constituent parts. It aids to render 
one latitude, immediately contiguous 
to another. Such conditions - to keep 
pace with civilization - are very desirable. 
The facility with which one 
country communicates with another 
promotes a lively flow of exchange, 
to the mutual good of either. The 
necessity of a line of communication 
is now fully concurred.
The road brings the parts of a 
continent into such proximity, that the 
products of one clime, are, with facility, 
exchanged for those of another. It induces 
and promotes commerce, secures speedy 
communication, and advances, the merits 
of civilization. It is the all connecting 
link, that binds man to man.
The civilized know that whenever we 
find the degree of perfection of a 
road, corresponding to the degree of 
perfection of the country, where the ... 
is found.
To the high state of civilization, 
as existing at the present time, it is 
due, that we find such commendable 
roads as the greater portion of the 
earth now produces. The improvement of 
a road, it will be seen, is, indirectly, 
to the mutual improvement of all, since 
the better the roads, the greater the tide 
of commerce, and, consequently, the 
more thrifty the country.
The prevalence of a good road, is 
one in which the three items, length, 
grade and cost, taken collectively are 
at a minimum, that is when a 
diminution of one, is at an increase 
of the others. To secure this condition, 
the furious stream, and gaping abyss 
must be bridged. This is a grand 
achievement. The solution of surpassing 
this almost unsurmountable impediment 
becomes very simple. But the solution 
of this problem is not of recent 
date. Among the early bridges, will 
not be forgotten that...
.. .is over the Euphrates...
nor over the Bosphorous, by the...
The ancients were... 
use of bridges, some... 
in was to great advantage...
Such progress as has been made 
in this department of science and such 
seemingly impossible results as have 
been obtained, were unthought of in the 
time of Trojan, or in that of the “Brethren 
of the Bridge.” Could these last named 
gentlemen, who, it will be remembered, 
were 112 years in constructing the 
Avignon bridge, have seen a structure 
like the Eads Bridge in their 
time, their own, they would have looked 
upon with disdain, and exclaimed 
with glory “What a piece of work 
is this.”
Bridge-building, as a science, is 
comparatively of recent date, for relating 
to now, of what may be called 
ancient bridges, do we read of them 
having been mathematical calculations, 
determining the strains upon the 
constituent parts of the bridge 
structure. This very necessary operation 
seems to have been entirely omitted.
This was, probably, because to that 
time, there had been no thoroughly 
scientific investigation, of the new 
and beautiful subject of scientific 
bridge-building. At the present time, 
we determine with a minuteness
the strain thrown upon any part 
of a bridge. We are thus ennabled 
to give the proper dimensions to 
every component part of a bridge, 
a desideratum, since any superfluous 
strength, may by the weight due to 
it, tend to weaken the entire structure.
This is particularly so, when
the superfluous strength is
represented by wooden timbers. In
wrought iron, more strength must be
given than is actually required,
since a strain that will not break,
will lengthen the parts, especially, when
they are subjected to strains for
any considerable length of time. This
is the reason that those parts bearing
tensile strains, when represented by wrought
iron, are much longer, than it would
seem to require. In the bridge
under consideration, this is a very
noticeable feature.
In bridge-building more strength 
is always given, than is ever required, 
that no contingency may arise from 
unforeseen weakness, or defectivity in the 
bridge material. This is generally 
expressed by a factor as Vs , or 1 /7, and 
is known as the “factor of safety.”
There is no general factor of safety, 
the range being a wide one. The 
Engineer, when building, will find 
the greatest strain ever thrown upon 
the bridge, and build to bear strains 
somewhat in excess of this. Experience 
will soon teach what factor 
of safety to use and these are 
as different as the forms of the 
bridges.
Upon the introduction of the 
rail-road, a new field was opened 
for the Engineer - that of constructing 
a bridge capable of sustaining a 
heavy train, under a rapid motion.
A serious difficulty was here 
encountered. A wooden bridge capable 
of sustaining the weight, would 
break, almost, by its own weight, 
it was less rigid than required, 
and had never been used to 
bear greater weights than a loaded 
wagon. [This was before the introduction 
of iron into bridges.] This was soon 
overcome in Europe, where iron 
was cheap, by building the iron bridge, 
but in America where iron was 
not cheap, the solution was longer 
in being obtained, but resulted eventually
Jin the combined iron and wooden 
bridge, which, in the United States, 
is die bridge. As found they are 
generally “Howe Truss” bridges. The 
Howe truss is a favorite, not only 
in the United States, but wherever 
known, since with such ease it 
is built, and kept in repair, the 
timbers being so many alike, and of 
such simple form. The bridge under 
consideration, belongs to this class of 
bridges.
In a Howe truss bridge, the tensile 
strain should be borne entirely 
by cast or wrought iron, and the 
compressive strain by wood, since iron 
gives more strength with less weight, 
and wooden timbers are less liable 
to bend, than iron of the same 
weight. In some Howe truss bridges 
the lower stringer is of wood, and 
consequently bears a tensile strain; this 
is so whether the train runs upon the 
top of the bridge, or through it.
The Maramec River
At this bridge, the river, in low 
water time, is sixty feet wide,
about four feet deep, and is twenty- 
six and six-tenths feet below the 
rails on bridge. In the spring 
season the water rises nearly to the 
tops of the piers, in the spring 
of 1876, rising within 2 feet of 
the bridge. This was an unusual 
wet season, with unusual rains, 
the river never having been higher but 
once. This is the reason the bridge 
is not being raised.
Situation
The Maramec Bridge, under 
investigation, is situated on and near 
the eastern extremity of the east 
and west subdivision line of section 
21, township 38, range 4 west, 
situated in Crawford County, Missouri. 
On the north side of the 
river, at this place is a Bluff, 
which (having been cut through 
to suit the requirements of this 
case) forms one abutment of 
the bridge. From the bluff, one 
gradually ascends in passing 
south and away from the river, 
hence the other end of the bridge
rests on a pier. This is approached, 
from a heavy fill, by a trestle 
work of 18 sections, each section 
being about 14’ long.
The Trestle
In my drawings, I did not 
represent this adjunct because it 
is not any part of the bridge 
proper, only a connection, but it will 
not be unnecessary to speak of it 
here. The sleepers upon which the 
ties rest, break joints on top of 
each pier where they rest upon 
timbers about 10’ long. These are 
supported by large posts 1 ’ square, and, 
as before stated, about 14’ apart, that 
is in the direction of the road. In 
the pier the posts are 4’ 1” apart.
They are braced by three different 
sets of braces, one set of which runs 
from the timbers below to those 
above, into both timbers of which 
these perpendicular, supporting posts 
are sunk, the both extremities being 
pinned; the second set runs from the lower 
timber upon which the posts rest to the 
diagonally opposite end of the timber
above and before spoken of; the third 
set is situated so as to prevent 
the piers from falling in the direction 
of the road. They are inclined at 
an angle of about 45°, and are 
6’ 14” long extending from the side 
of the post to the sleeper. The ends 
of these braces are held firmly in 
place on the sleeper, by a timber 2’
9” long; below they are sunk into 
the post. There is still another set 
of braces which tend to keep any 
pier from falling, unless all fall 
and they are a set of planks 4” 
by 8”, running upon each side of the 
posts, about T  from their top and 
from one end of the trestle work to 
the other.
In the bridge proper, there are two
Spans
of 136’ each in length. One span rests 
upon the bluff bank, and the first pier; 
and the other upon the two piers, the 
first pier supporting one end of each 
span. Each span contains 12 panels, 
each panel being 11’ 4” long.
The Piers
are two in number, and are 28’ 
long, and 6’ wide on top and 
have a batir on both ends and 
sides of about 1/50. They are about 
25 ’ above the surface, built of 
limestone, and are sunk to bedrock.
The Bridge
is of the Howe truss pattern, the 
lower stringer being of iron. The 
trains run through the bridge, whence 
the indispensability of diagonal braces. 
The main braces are inclined at an 
angle of 60°, and are 22.58’ long.
From this we derive the perpendicular 
height between the ends of the braces 
of 19.54’. The braces are 7 14“ wide, by 
9” thick, are double, and incline, as 
main braces nearly always do, with 
their tops toward the center of the bridge. 
This necessitates the coming together at 
the center of the bridge, at the top, 
of four main braces. The counter­
braces, which serve to stiffen, 
rather than bear weight, incline 
with their bottoms toward the center of
the bridge. The counter-braces at the 
ends, or in the last panels, are only 
of 54 length. These braces cross 
between the main braces. They are 6 54” 
wide by 6” thick. The eye-bars are 
8 in each panel, except those at 
the extremity, there being in them 
only 4. Underneath and upon either side 
of the eye-bar connection, are two large 
timbers which may be called sills.
They are 7” thick, 1’ wide, and 18’ long. 
Upon these rest timbers (11” by 6”) 
running longitudinally which support 
the ties. The sills above mentioned, 
through which all the strain is 
transmitted to the braces, stringers, 
and the rods, are held up by a 
connection with the eye-bars. The ties are 
of sawed oak, 12’ long, 5” thick, and 
7” wide. There are diagonal rods 
beneath to prevent swaying motion 
from wind and other causes. The 
bridge is held together at the top, 
by (1” diam.) rods, and is braced 
apart by (6” x 6”) timbers. The 
sides of the bridge are covered, on 
top, by a tin roof, and are 
weather-boarded down the sides, nearly 1 ’. 
The perpendicular, and direct weight
supporting, rods, are of various 
sizes, according to the weight they 
shall support. Beginning at either 
end of the span, we have the 
following diameters: 2 !4”, 2”, 1 %” 
1 V2”, 1 V4”, 1 ”, the last being that 
of the middle rod, or sixth from 
either end. The diameters are given 
thus, because the rods nearer 
the ends, have, at times, more 
strain upon them, than those 
nearer the center bear at any time. 
When the train is just entering 
the bridge, the whole weight is 
thrown upon the first rod, which 
in turn, conveys strain to all 
the connecting parts. In the 
center of the bridge, the strain 
is more generally distributed, 
which accounts for there being 
supporting rods of less dimensions 
there, than at the ends.
In determining the average 
height of this bridge, we made 
measurements every 50 feet, in 
case of the measurement to 
the river, using the surface 
of the water; and dividing by 
the number of measurements; we 
obtained 24’ as an average height.
Collecting, we have the following 
data.
Data:
N° of spans, 2
Length of each span, 136’
N° of panels in each span, 12
Length of each panel, 11.33’
Height of panel, 19.54’
Width of bridge (center to center), 16.16’
Main-braces, 7 V” by 9’
Counter Braces, 6 54” by 6’
Eye-bars, %” by 4”
Tie-rods, (diameter) 1” to 2 %”
Sills, 7” by 1 ’
Length of the Bridge including
span of the first pier, 276.66’
Total length, including the structure,
and the spaces of,
both first and second piers 545’
From the number and length of 
the sections in the structure, as given 
previously, there will seem a discrepancy 
in the lengths, but this is due to 
a span of the second pier, and 
a part section of the structure 
adjoining the fill.
The Strains
To compute the strain upon 
the parts of a bridge, we allow, 
as is the custom, an average weight, 
per running foot, of the span’s 
length, this is always taken exuberant, 
in calculating the dimensions 
of timbers etc, of which the bridge 
is to built. The greatest weight to 
be met with, is that of a locomotive 
and the strains are calculated to a 
weight, per running foot found by 
taking the gradient of the weight of 
the locomotive, divided by the length 
it occupies. Strictly, this would not 
be enough, because some parts of 
a locomotive are heavier than 
others. To ensure against any 
casualty, more weight is allowed than 
it is presumed, will ever be 
met with, but should there be met 
with, greater weights, we are still 
literally safe, unless the weights 
are considerably greater, since to our 
timbers were given superfluous strength. 
The allowance per running foot 
as, generally excepted, and used, is 
V2 ton for the weight of the bridge,
and 1 ton for the load. In the 
bridge under construction, this would 
give a strain of 408000 pounds, 
or, upon the braces, there being 8 
of them, 4 at either end (and 
the whole load being supported 
there) a strain of 51000 pounds.
Were these braces standing 
perpendicularly, such would the strain 
be, but they being diagonals of a 
rectangle, there is an additional 
weight, which is found, added to 
the above, by the following 
proportion:
51000: true strain =
height of panel: slant height 
of brace. This gives us a strain, 
upon the main brace of 58934.5 
pounds. Allowing 1000 pounds 
per square inch, sectional area 
for compressive strength of pine 
wood, we find that it would 
require a sectional area of 58.9 
square inches, whereas is found 
67.5 square inches.
The strains upon the tie-rods, and 
eye-bars, are direct and are found 
by applying one of the principles 
taught in mechanics:
“Of two forces and their 
resultant, each is proportional to the 
sine of the angle between the other 
two.”
Regarding the strain upon 
the main-brace, as the resultant force 
we find the strain upon the eye-bars 
and tie rods to be as .5 to .866.
But as the resultant is equal to 
the sum of its component parts, 
we have for the strains: eye-bars, 
21571.92 pounds; tie-rods, 37362.58 
pounds. These are both tensile 
strains, and allowing 42000 pounds 
per square inch, for the tensile strength 
of iron, and giving them sectional 
areas to correspond with the above 
strains, we see necessitate areas of 
.51 and .82 square inches respectively. 
As found they are 3 and 3.96 
square inches, showing an abundant 
strength to resist elongation.
The strain thrown upon the 
straining beam, is equal to that 
upon the eye-bar, and is found 
so by an investigation similar to 
the one used in finding the 
strains upon tie-rods, and eye-bars. 
This requires a sectional area of
21.6 square inches, but as found in 
the bridge is highly in excess of 
this, but is accounted for by adding 
stiffness, and security, to the tops of 
the main braces.
By a rough, but over, estimate, 
the wind, at 15 pounds per square 
foot presses the bridge about 8942, 
pounds. This would necessitate an 
area of 4.47 square inches, as the 
braces are placed in the bridge. As 
found they are 36 square inches, but 
accounted for, as the excess in the 
straining beams. This shows the bridge 
able to stand (so far as stiffness 
is concerned) the heaviest gale. As 
far as its weight is concerned, it can 
stand in the same storm, with a 
factor of safety of 15.
We have now to investigate the 
liability of the main braces, to flexure. 
Substituting in the formula 
Z 2_ 9 oo om3 w e  pm cj t h a t  the greatest
w
length should not exceed 28.8’.
The length as found is 22.58’
We have, now, this table of results:
Part Min. allow as found
Brace 58.9 67.5
Eye-bar .51 3
Straining-beam 21.6 about 36.
Tie-rod .82 3.96
Slays (opposing wind) 4.47 36
These figures are all given in 
sectional areas.
Part. Max. allow. as found.
Brace (length) 28.8 22.58
The reader will observe, that in 
all of these facts considered, a 
marked exuberant strength has been 
given. But, as previously stated with 
due propriety — since in case of the 
iron, it is necessary to resist elongation, 
and in that of the wood, to give security, 
and steadiness. As a whole, the 
bridge seems to have been well studied, 
and is a fit one for the place.
Rolla, June, 1877.


